Alveolar epithelium is a major target for oxidant stress as a result of inhalation of oxidant gases or pathogenic minerals, including asbestos, which is implicated in the development of bronchogenic carcinoma arising in the tracheobronchial epithelium of asbestos workers (1) . Furthermore, the elicitation of an inflammatory response that occurs after inhalation of these toxicants also generates several reactive oxygen or nitrogen species (ROS/RNS) with potent reactivities. The response of the pulmonary epithelial cell to oxidative stress may depend on (2) . Known genes induced by oxidants include antioxidant enzymes, metallothionein, hemeoxygenase, etc. In contrast, exposure of alveolar epithelial cells to high levels of ROS/RNS can result in apoptosis or necrosis (2, 3) .
It is unclear whether the epithelial cells respond to H202, nitric oxide ('NO), or asbestos with expression of the same classes of genes. Different sources of oxidants may evoke unique genetic responses that may lead to distinct functional end points. For instance, in bacteria, different genetic reguIons coordinate the expression of distinct classes of genes in response to different oxidants (4, 5) . These OxyR and SoxR/S reguIons activate expression of genes induced in response to peroxide or superoxide anion radical (02-)-generating agents, respectively. Many of the activated genes encode protein important in antioxidant defense or DNA repair (4, 5) .
Conceivably, mammalian cells may also activate distinct genes in response to different classes of oxidants. In order to examine this, we performed differential mRNA display, a polymerase chain reaction (PCR)-based approach that allows the investigation of all expressed RNA species (6, 7) . With the use of degenerate primers and four classes of 3' oligo DT primers, multiple classes of genes can be visualized on a sequencing gel and provide a representation of expressed genes. The technique has an advantage over conventional subtractive hybridization approaches, in that it allows the simultaneous evaluation of mRNAs that are induced or repressed. Use of this approach in different models has resulted in identification of numerous genes important in different physiologic processes as well as disease (8) (9) (10) (11) .
Here, we report the modulation of two mitochondrial genes, NADH dehydrogenase, subunits ND5 and 6, and 16S rRNA in rat lung epithelial (RLE) cells here causes apoptosis (3). To determine whether apoptosis is observed during the time frame of alterations in RNA expression, we performed flow cytometry and analyzed cells for DNA content. As demonstrated in Figure 5 , (19) . Importantly, the degradation of 16S rRNA was dependent on calcium, as the calcium chelator BAPTA-AM prevented the H202-induced degradation of 16S rRNA (19) . Our studies demonstrate that these findings extend to RLE and RPM cells and different forms of oxidative stress. In support of these findings, studies by others employing peroxisome proliferators or hypoxanthine-xanthine oxidase have revealed alterations in expression of ribosomal RNAs or NADH dehydrogenase (20, 21) . Importantly, in models of aging and diabetes that involve oxidative stress, both of these mitochondrial genes were affected as well (22, 23) . The increases and decreases in RNAs observed in these models may reflect the type or duration of oxidative stress encountered (20, 21) .
It is unclear to date whether these alterations in mitochondrial gene expression are associated with decreases in protein levels or mitochondrial function. Importantly, NADH dehydrogenase is located in the electron transport chain at a site critical in the formation of 02-- (24, 25) . It has been demonstrated that aberrant function ofNADH dehydrogenase or excess levels of the substrate NADH can promote the formation of 02--in mitochondria. Conceivably, oxidant-induced downmodulation of mitochondrial gene transcription may prevent the further formation of oxidants. Alternatively, the increased exposure to oxidants may damage mitochondrial function and repress transcription. On the basis of the the present findings, the mechanism of modulation of mitochondrial gene expression by oxidants is undear.
Interestingly, the downregulation of mitochondrial gene transcription occurs independent of alterations of mRNA expression of genes encoded in the nudeus (17) (18) (19) and correlates with the development of apoptosis that occurs in RLE cells exposed to these ROS/RNS (3). Recently, mitochondria have been recognized as an organelle important in the control of apoptosis (26, 27) . Release of cytochrome c from mitochondria appears to be a major controlling factor in the apoptotic response of cells including the activation of caspases that activate the death cascade (26, 27) . It is unknown whether alterations in mitochondrial transcription play a role in this sequence of events. Our findings, which illustrate that depression of mitochondrial gene expression coincides with the apoptotic response in RLE cells, suggest a possible link between these events. Further investigation into the mechanisms of regulation of 16S rRNA and NADH dehydrogenase transcription, as well as the consequence of altered expression of these genes, is needed to address this question.
In summary, our study has utilized the differential display technique and reports the modulation of expression of 16S rRNA and NADH dehydrogenase, two mitochondrial genes in response to H202 or an *NO donor, and the modulation of 16S rRNA in response to asbestos. In view of the importance of the mitochondria in the regulation of apoptosis, the modulation of mitochondrial gene expression by ROS/RNS may be linked to this end point.
